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ABSTRACT
Attempts were made to propagate five species in the family Hamamelidaceae by
softwood cuttings or seeds. Local populations of witch-hazel Hamamelis virginiana L.
and sweetgum Liquidambar styraciflua L. supplied cuttings and seeds of these native
American species. Cultivated plants of dwarf witch-alder Fothergilla gardenii Murray
were used initially for cuttings. Later, three native populations of this species were
located and cuttings were obtained from them. Also, for seed propagation studies, seeds
of F. gardenii were obtained from the North Carolina Botanical Garden and seeds were
obtained from cultivated plants of two Asian species, winter hazel Corylopsis sinensis
Hemsley and Chinese fringe tree Lompetalum chinense (R. Brown) Oliver.
The techniques used were those that could be used by the average amateur
gardener. This was done to encourage other amateur gardeners to propagate the native
plants of the coastal plain in order to conserve native species and to promote species
diversity in landscaping. A comparative study using professional horticultural techniques
for softwood cuttings was done for H. virginiana since it is known to be difficult to
propagate.
Seed germination results using a combination of warm and cold stratification in a
single growing season (1 yr) were: C. sinensis - 100%, H. virginiana - 77%, Li.
styraciflua - 1.7%, and Lo. chinense - 52%. Limited rooting was obtained with native
v
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Fothergilla (8.3%) and Liquidambar (8.3%) cuttings, but all cuttings of cultivated F.
gardenii failed to survive the winter or died in the summer heat. No rooted cuttings
obtained from H. virginiana survived the winter although cuttings were taken
intermittently from April through August.
Cuttings of Liquidambar were treated with a slurry made from soil collected
around the roots of existing plants to supply mycorrhizal fungi. These cuttings thrived
after rooting even during the summer heat. Further work is needed to confirm results, but
it appears that the native species of this family, all of which lack root hairs, may require
mycorrhizal fungi in order to obtain sufficient water and nutrients to thrive after
production of adventitious roots or after seedlings are established.
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INTRODUCTION
In 1994, Thomas DeBaggio wrote a book entitled Growing Herbs from Seed,
Cutting & Root: an Adventure in Small Miracles (DeBaggio 1994). DeBaggio chose his
title because he recognized that propagating herbs was more than a scientific endeavor.
Regeneration may be life's greatest miracle. In the foreword to DeBaggio's book Linda
Ligon, editor of The Herb Companion, stated that a necessary ingredient for success in
propagation, and one that DeBaggio ably demonstrated, is "the ability to think like a
plant" (DeBaggio 1994). She also believed that propagation is more of an art than a
science, and to become proficient in it one must first gain an intimate knowledge of the
plant. In The Yoga of Herbs, David Frawley and Vasant Lad described this relationship
between humans and plants as follows (Frawley and Lad 1988):
The proper usage of a plant or herb, during which its true power is released, implies a
communion with it.... This means giving value to a plant as something sacred, as a means of
communion with all nature....
The sages of ancient India approached healing and herbs with this same consciousness.
Theirs was not a science of experimentation, but a form of direct participation.... The seers... let
plants speak to them. And the plants disclosed their secrets-many of which are far more subtle
than a chemical analysis could uncover. Approaching plants in the same way today, not as
objects for self-aggrandizement but as integral parts of our own unity, the true value of a plant
will flourish for our unselfish use.
To become a true herbalist, therefore, means to become a seer. This means to be
sensitive to the being of the herbs... It is to learn to listen when the plant speaks, to speak to the
plant as to another human being, and to look upon it as one's teacher.
Modem culture requires that we spend too much time in the company of wires,
machines, concrete, traffic, muzac, and other artificial environmental objects and sounds.

l
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Connections to the natural world and the rhythms that this connection generates in our
own lives have been lost for many people. Gardeners have long known that it is possible
to develop a relationship with plants in much the same way that humans relate to pets and
to other humans. Such an endeavor provides much more than recreation for the gardener.
It is a connection on a deep level with that ancient evolutionary ancestor who is also an
ancestor of the plants although humans and plants have evolved along very different paths.
Particularly when growing or collecting those plants loosely grouped into a category
called herbs, a gardener can find enormous spiritual pleasure in the exchange of energy
involved in working with these plants (Frawley and Lad 1988).
Another way in which humans of all ages have intereacted with the natural world
has been through spending time wandering in the woods and fields. A quiet, private
communication with the trees, shrubs, flowers, and wildlife living near one's home is often
cited as a source of spiritual enrichment by people in many areas of achievement. Those
residents for whom this association has developed into an interest in their own native
plants share a bond with these plants that seems to be due to a common sense of place
(Wasowski and Wasowski 1994). They share the same habitat with the plants.
Too often, however, residents, particularly if they are gardeners, are blinded to the
beauty of their own local natural environment by a preconceived notion that an ideal
garden should be based on European models that incorporate exotic plants from Asia and
other areas of the world (Druse 1989, Foote and Jones 1989, Harper 1994, Wasowski and
Wasowski 1994). In the past native plants have not been appreciated and, therefore, not

3
propagated to a large extent by the nursery trade (Foote and Jones 1989, Wasowski and
Wasowski 1994). Readily available horticultural plants are the same all over the United
States and are usually propagated asexually to preserve particularly prized characteristic
foliage, flowers, or fruit (Dirr and Heuser 1987). Because of these conditions, there is a
serious lack of diversity in landscape plants. Even the natives that are available for sale
are cloned from stock plants (Dirr and Heuser 1987). Also, few commercial growers
promote normal diversity by allowing plants to grow from seeds because it takes too long.
The destruction of more and more natural habitat for native plants is causing
extinction of some species and the endangerment of others (Foote and Jones 1989, Imes
1990, Patrick et al. 1995). Environmentalists, ecologists, and those interested in natural
gardening are trying to remedy this situation by promoting the use of native plants in
public areas and private gardens (Foote and Jones 1989, Bir 1992, Young and Young
1992, Wasowski and Wasowski 1994). Many amateur gardeners are developing an
interest in using native plants and more nurserymen are trying to provide them; however,
this is creating another problem. Wild gathering, the digging up of native plants, is
threatening many plant species already endangered by loss of habitat (Imes 1990, Foote
and Jones 1989). Some unscrupulous nurserymen dig plants from natural areas to
capitalize on the developing market for natives, but often the biggest threat is the
ignorance of amateur gardeners. They may see a beautiful plant growing in the field and
have no compunction about digging it up and taking it home to their garden under the
misguided notion that they are protecting it. The ecological balance in the natural

4
community of plants and animals is extremely delicate, and not enough is known about it
to predict the chain reaction that may result by removing some members from the
community (Imes 1990, Patrick et al. 1995). Also, too often the plants that are removed
cannot survive the transplant and, even if they do survive, they will not thrive in the typical
surburban garden (Imes 1990).
A solution to this dilemma might be to encourage amateur gardeners to collect
seeds or a limited number of cuttings from a native population growing near their home
(Jones and Foote 1990). Provenance is an important factor in the survival of seedlings,
and successful propagation is much more likely with seeds collected from the same
geographic area (Heit 1968, Dirr and Heuser 1987, Hartmann et al. 1990, Bir 1992).
Gardeners are generally eager to obtain specimens of plants that they find attractive, and
many are intrigued by the challenge of growing species that are considered difficult, as
many native species seem to be. Also, amateurs are not bound by economic pressures and
could accept a much lower percent germination of seeds and rooting of cuttings than
would be practical for professional horticulturists. One good specimen might be all that
amateur gardeners would require for their own use and they would consider the
experience successful if more were obtained that could be shared with friends. Because so
little is known about many native species (indeed about most plants if compared to our
knowledge of the animal kingdom), propagation of many species is difficult even for
experts. The interest in and enthusiasm of local gardeners for propagating their own
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native plants may provide a wonderful resource for obtaining needed information on many
aspects of plant growth, reproduction, and habitat.
The primary objective of this research was to attempt propagation of a native
coastal plain species (witch-hazel) that is considered difficult to propagate so that
guidelines could be provided for amateur gardeners who wish to produce a few specimens
for use in their own landscape and, at the same time, participate in the preservation of
native species of the coastal plain. The selection of witch-hazel was influenced not only by
the author's interest in local native herbs of the southeastern coastal plain region but also
because witch-hazel extract, although widely used, is produced almost entirely by wild
gathering of the plants. Witch-hazel is not grown commercially except in limited
quantities and continued wild gathering could possibly place even this widely distributed
species in danger (personal comm. Rob McCaleb, Herb Research Foundation).
Four other species in the family to which witch-hazel belongs, including
representatives of the two other genera in the family that are indigenous to the United
States and two Asian species cultivated in the United States as landscape plants, were also
studied for comparison. Standard horticultural procedures were used as a starting place,
but another objective of this study was to apply a holistic/organic approach to
propagation (learning to think like a plant) that could possibly reveal some clue to making
propagation of native woody plants less difficult for professionals as well as amateurs.
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BACKGROUND
The family Hamamelidaceae is an ancient one dating back to the Cretaceous period
66-144 million years ago (Ehrendorfer 1989). There are 23 extant genera containing
about 100 species; 17 are located in Asia, two are found in Africa, and one is native to
Australia (Lawrence 1951). The three North American genera are Fothergilla,
Hamamelis, and Liquidambar. The native species used in this research were dwarf witchalder Fothergilla gardenii Murray, witch-hazel Hamamelis virginiana L., and sweetgum
Liquidambar styraciflua L. (Radford et al. 1968). For comparative purposes, two Asian
species popular as landscape plants, winter hazel Corylopsis sinensis Hemsley (Morley
and Chao 1977) and Chinese fringe tree Loropetalum chinense (R. Brown) Oliver (Rehder
and Wilson 1913), were also included.
There are six subfamilies in the Hamamelidaceae based on the number of ovules
per carpel (Endress 1977). The largest of these is Hamamelidoideae containing 22 genera
all of which have one ovule per carpel. Within this subfamily are five tribes, three of
which contain genera used in this study. Tribe Hamamelideae is subdivided into subtribe
Hamamelidinae containing the genus Hamamelis and subtribe Loropetalinae containing
Loropetalum. Tribe Corylopsideae contains Corylopsis and tribe Fothergilleae contains
Fothergilla (Endress 1989a). Four of the study species, one from each of these genera,
are, therefore, closely related even within the family. Liquidambar is not as closely related
to the other four species (Endress 1977) and it belongs to a different subfamily, the
Altingioideae, that has 20-30 ovules per carpel.
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Chromosome numbers for all of the subfamily Hamamelidoideae have a basic
number of x - 12 (Anderson and Sax 1935, Endress 1989a). Harmmelis and Corylopsis
have chromosome numbers of n = 12 (Ernst 1963, Goldblatt and Endress 1977, Morley
and Chao 1977). The genus Fothergilla contains two species, F. gardenii has n = 24
chromosomes and F. major (Sims) Loddiges (Radford et al. 1968) has n = 36 (Weaver
1969, Clark 1988). Liquidambar, which is in a different subfamily, has n = 16
chromosomes (Goldblatt and Endress 1977).
The Hamamelidaceae are woody plants that can be evergreen or deciduous with
alternate simple leaves that can be glandular-toothed to palmately-lobed (Lawrence 1951).
The lower Hamamelidae, including Hamamelidaceae, occur in open, subtropical habitats
and are usually pollinated by insects. They have sticky pollen and two or more whorls of
stamens (Ehrendorfer 1989). General morphological characteristics of the family
Hamamelidaceae include an ovary with two carpels and two locules, the apices of which
diverge, and each ends in a style which is slender with a recurved tip. The plant surfaces
are often covered with tiny stellate hairs and the seed capsules are usually woody or bony
(Lawrence 1951). One other characteristic useful in identifying these plants in winter is
that the Hamamelidaceae have three bundle scars (Petrides 1986).
Corylopsis sinensis
This plant was first introduced to western gardeners under the name C. willmottiae
(Rehder and Wilson) by E. H. Wilson in 1909. He obtained the plant in western
Szechuan, China. Corylopsis willmottiae was later synonymized with C. sinensis Hemsley
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by Morley and Chao (1977). It is indigenous to the Himalayas, China, and Japan (Weaver
1976, Morley and Chao 1977). These plants are deciduous, densely branched shrubs
reaching heights of 4-5 m with widely spreading branches. The blooms are produced in
racemes of 12-18 yellow-green flowers having five petals borne on bare branches from late
March to early April (Weaver 1976, Everett 1982). The common name winter hazel may
be due to this habit of early blooming (Creech 1984). Flowers of Corylopsis are
pleasantly fragrant (Weaver 1976, Everett 1982, Creech 1984). The alternate, pinnately
veined leaves resemble those of the hazels (Corylus) and account for the generic name
Corylopsis which means hazel-like (Everett 1982). The lateral veins terminate in bristly
teeth at the leaf margins (Everett 1982). A characteristic of Corylopsis that distinguishes
it from other similar plants is the growth of regular leaves from the axils of the lower,
flowerless bracts of the blooms. These leaves are fully grown when the fruits mature
(Everett 1982).
Cultivated corylopses are insect-pollinated and, although flies and wasps frequently
visit the flowers, conclusive information on natural pollinators is not available (Morley and
Chao 1977). Fruits and seeds are like other members of the Hamamelidoideae in having
beaked, woody capsules and two shiny seeds (Everett 1982).
Corylopsis is easy to grow in deep, sandy soil containing peat. Plants should be
located where they are in shade through part of the day or in dappled shade throughout
the day and where they do not become excessively dry (Weaver 1976, Everett 1982).

Because of their early blooming time, these plants are sensitive to frost in more northern
areas (Creech 1984).
Propagation is possible from seeds if good seeds can be found (Young and Young
1992), however seeds are doubly dormant and require 5 mo warm, 3 mo cold stratification
to germinate in one year (Dirr and Heuser 1987). Seeds must be started as soon as they
are collected, because dried seeds require two years to germinate (Dirr and Heuser 1987).
Seeds must also be collected before the capsules dehisce or the seeds will be lost (Young
and Young 1992). Softwood cuttings taken in June, July, or August root easily in four to
six weeks if they are treated with 1000 ppm indole butyric acid (IBA) and stuck in
individual pots containing a mixture of peat and perlite (1:1). The pots are necessary to
avoid root disturbance as cuttings resist moving. Cuttings are also difficult to overwinter
even though they root easily (Dirr and Heuser 1987).
Fothergilla gardenii
The history of this plant begins in the late colonial period in the United States. It
was named for two distinguished naturalists. Dr. Alexander Garden of Charleston, SC, and
Dr. John Fothergill of Essex, England ( Dirr 1977). Mr. John Bartram, an early explorer
and collector of the flora of the southeastern United States, paid a visit to Dr. Garden in
mid-March 1760. While there he collected many plants and kept detailed notebooks
describing them and their nadve habitats (Berkeley and Berkeley 1969). Sometime
between 1760 and 1765, Bartram sent live plants of this species to friends in England. In
his notes he called this plant Gardenia in honor of Dr. Garden (Berkeley and Berkeley
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1982). In 1765, Dr. Garden sent the plant to Linnaeus to be catalogued in the work that
Linnaeus was compiling to document and name all of the world's plants. Garden called
the plant Anamelis.

Linnaeus had already received specimens of a related plant

Hamamelis and at first he thought that this was the same plant. In 1769, William Young
Jr., unaware of the previous discovery of the plant, sent a specimen to Dr. Fothergill
calling it Youngsonia. Fothergill forwarded this specimen to Linnaeus. Finally, Linnaeus
concluded that this really was a unique species, but since he already had a plant called
Gardenia, he named this one Fothergilla gardenii to honor both Fothergill and Garden
(Comer and Booth 1971). Linnaeus' description and the name of Fothergilla appeared in
the 1774 edition of Species Plantarum. However, this edition was edited by an associate
of Linnaeus, Johan Andreas Murray, and was published after Linnaeus' death.
Taxonomists, therefore, list the author of the species as Murray since he was the first to
publish the description. In 1785, Humphrey Marshall of Philadelphia listed the plant in his
catalog entitled The American Grove (Marshall 1785). Andr£ Michaux, another early
naturalist responsible for the collection and naming of many southern plants, listed
Fothergilla gardeni in his notebook describing collections he made in Charleston, South
Carolina in April 1787 (Michaux 1889). The infrequently used common name, dwarf
witch-alder, probably comes from the plant's similarity to both the witch-hazel,
Hamamelis, and the mountain alder. Alms. Most people know the plant by its generic
name of Fothergilla.
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Currently most authorities feel that there are two species of Fothergilla, F.
gardenii and F. major, but since they were discovered, there has been a controversy
concerning the taxonomy of these two species (Weaver 1969). Both species are quite
variable, and early taxonomists interpreted these variations to be variations between
different species rather than within species. Consequently, there are many Fothergilla
species in the literature (Clark 1988). Richard Weaver (1969) undertook a major study to
clarify this nomenclatural dispute and his conclusion was that there was no basis for
separating this genus into more than two species. However, these two species are still
causing confusion in the nursery trade, and a recent study by Clark (1988) indicates that
most of the plants sold as F. gardenii are actually F. major. He found that the most
important distinguishing characteristics were whether the plant flowers with or without the
leaves (F. gardenii before the leaves, F. major along with), and the habitat and geographic
range of the native populations. Fothergilla gardenii grows in bogs and pocosins in the
coastal plain and F. major is a montane species. For cultivated plants Clark (1988)
recommends separating them by chromosome numbers (F. gardenii, n = 24; F. major, n 36).
A thorough description of Fothergilla gardenii was given by R. K. Godfrey
(1988). He described the plant as a slender, deciduous shrub usually growing to a height
of 1 m and often smaller. During the present study, a population of Fothergilla gardenii
was found at Ft. Stewart Army Reservation in southeast Georgia in which some plants
were growing to heights of at least 3 m. The plant is usually multi-trunked with a zigzag
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appearance to the stems (Godfrey 1988). It has alternate simple leaves with short petioles;
the blades are pinnately veined with 3-5 principal lateral veins on each side. These run
parallel to one another, ascending at an angle to the leaf margin. As is typical of this
family, both sides of the leaves, buds, and twigs are covered with dense hairs, occurring in
clusters resembling stars (stellate).

As the plants age, the hairs become sparse and on

some older specimens only the undersides of the leaves exhibit this stellate pubescence.
The leaves are mostly obovate, occasionally broadly elliptic, about 2-6-cm long and 1.5-3cm wide. The bases of the leaves are round, truncate or broadly cuneate while the apices
of the leaves are obtuse and rounded with either smooth margins or crenated margins on
the uppermost 1/3 of the leaf. The vegetative buds are naked and the terminal bud looks
like a scalpel blade with a short stalk. Lateral buds occur singly, are short, and are not
stalked (Godfrey 1988).
The flowers form a dense, oblong spike sometimes described as resembling a
bottlebrush and are borne on the bare branches (Weaver 1969, Foote and Jones 1989).
They appear from March to May depending on the location (Krai 1983). The
inflorescences are white or cream-colored, 3.5-4-cm long and 2.5-cm diameter ( Dirr
1977). Rowers are bisexual or the lower ones along the spine may be unisexual male.
There are no petals; the flower color is due to the stamens which have long white
filaments with yellow anthers. The flowers exude a fragrance resembling honeysuckle.
There is one pistil with a two-loculate ovary that is somewhat sunken into the base of the
floral tube, and two styles that are slender at anthesis becoming thick and hornlike at the
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base in fruit with tips curving outward (Godfrey 1988). The fruit is a capsule fused to the
floral tube and there are two shiny, oval seeds, one in each locule (Godfrey 1988). Seeds
vary in length from 4.8-6.3 mm (Weaver 1969). Many investigators report finding few
seeds on native populations of this plant and sources indicate that mature seeds should be
collected in August (Dirr and Heuser 1987).
Three large native populations of F. gardenii were found in southeast Georgia
during this study. All three produced many capsules that were evident when the sites were
visited in May 1997, but return trips from the beginning to middle of July revealed that
seeds had already dehisced and many capsules had shriveled and fallen from the plant by
this time. It appears that during some years seeds are formed much earlier in this area of
the plant's range. In the future, attempts will be made to collect seeds in early June.
Little is known about Fothergilla pollination except that it is thought to be beepollinated (Dickison 1989). The plant spreads by underground rhizomes or roots and by
seeds (Dirr and Heuser 1987). It may require cross pollination for a high percentage of
fruit to set seed (Dirr and Heuser 1987), and this would explain the lack of viable seed
production as reported by many investigators.
Fothergilla gardenii is distributed across the coastal plain from North Carolina to
north Florida and west into southern Alabama. It frequently grows in pocosins with
sparse pine populations and on the edges of pitcher plant bogs. Other taxa associated with
it are Myrica, Clethra, Persea, Magnolia, Pinckneya, Vaccinium, and Gaylussacia. Fire
has probably been critical to its maintenance because it requires full sunlight or very light
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shade and only spreads when competing plants are cleared out (Krai 1983). It is presently
considered rare, threatened, or endangered in all of its range (Krai 1983, Patrick et al.
1995).
Cultivation of this plant is not difficult if its basic requirements can be met. These
include sandy, acid soil containing lots of organic matter (Dirr 1977, Krai 1983,
Lewandowski 1989). The plant will thrive in moist, partial shade conditions (Krai 1983,
Lewandowski 1989), but for the best flowering and fall color production it should be
grown in full sun (Dirr 1977).
Information on propagation of Fothergilla is available primarily from cultivated
nursery plants. Seeds should be collected when the capsules have ripened but not
dehisced, placed into a paper bag in a dry place until the capsules have popped and the
seeds ejected, separated, and as soon as possible placed into a plastic bag containing
dampened sand and peat (1:1). The plastic bag should be placed in a warm outdoor
location where it gets fluctuating day/night temperatures but no direct sunlight. After six
months of this warm stratification, the bag should be placed into a refrigerator at 0-4oC
for three months of cold stratification. Seeds should then be planted in a growing medium
and germination can be expected to occur in about two weeks (Fordham 1971). An
alternate method, which is the one that occurs in the plant's native habitat, is to start the
seeds in the fall and allow the seed flat to remain in outdoor conditions until the second
spring following planting (Fordham 1971,Young and Young 1986).
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Most sources indicate that Fothergilla is easy to root from semi-hardwood
cuttings taken from new growth in June, July, or August (Dirr and Heuser 1987, Bir
1992). These should be stuck in a mixture of sand and perlite (1:1) and placed under mist.
Plants root with or without hormone in four to eight weeks, but difficulty occurs when
they need to be overwintered. If they are not in active growth, they should not be
transplanted. When new growth is about 2.5-cm long, they can safely be potted, fertilized,
and treated as normal cuttings (Dirr and Heuser 1987, Bir 1992). If they are not growing,
it is recommended that they be left in the rooting medium and placed in a greenhouse or
other protective place until spring (Fordham 1971). Other methods of propagation
include root cuttings, layering, and tissue culture (Dirr and Heuser 1987).
Hamamelis virginiana
The first mention of witch-hazel was an account by John Banister who was an
English missionary in Virginia and died there in 1692. Plukenet first published information
about the plant in his Almegastum Botanicum in 1695 (Jenne 1966). Also, Peter Collinson
is known to have grown witch-hazel in his garden near London in 1736 (Peattie 1966).
Several explanations have been given for both the common and generic name of the plant.
The ancient Greek word for a European fruit called medlar (Mespilus) is hamamelis. It is
possible that to the early European settlers witch-hazel fruit resembled the fruit of this
plant (Jenne 1966, Everett 1982). Other sources claim that hamamelis means "together
with fruit" and that the name refers to the fact that both blooms and fruit appear on the
plant at the same time (McCormick 1993). The common name has nothing to do with
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witchcraft although the plant has been used to make the forked sticks used by New
Englanders to seek water (Kaplan 1994). Another European plant, the English broad-leaf
elm (Ulmus montana), was listed in a publication dated 1542 as "wyche hasill." Early
setders could have mistaken Hatnamelis for this plant, or the name may be derived from
an 18th-century Virginia word "wych" that means to bend (Kaplan 1994). Whatever the
derivation, witch-hazel occurs in North America from Nova Scotia and Ontario south to
Florida and Texas (Foote and Jones 1989).
Two other valid species of Hamamelis occur in North America. Hatnamelis
vemalis Sargent displays red-orange blooms and is primarily found west of the Mississippi
River but occasionally it occurs in more eastern locations (Ernst 1963, Bradford and
Marsh 1977); and H. mexicana Standley, a yellow-blooming species like H. virginiana, is
found in Mexico (Ernst 1963). A fourth species of doubtful taxonomy but of interest for
this study because it was found in Georgia, is called H. macrophylla Pursh. This plant
was first located by John Lyon in northwest Georgia along the Coosa and/or Tallapoosa
Rivers. Lyon visited with Stephen Elliott in 1809 and Elliott later wrote about the finding,
even indicating that it was a doubtful species (Elliott 1821). Lyon published a catalogue
of his plants for a sale in London in 1812 in which he listed H. macwphyllus as a new
species (Ewan and Ewan 1963). Frederick Pursh, however, got credit for the name when
he published it in his 1814 Flora Americae Septemtrionalis as Hamamelis macrophylla
Pursh (Lancaster 1970a, 1970b). This species is described by Lancaster (1970a, 1970b)
as being found in the southeast United States and differing from H. virginiana by its larger
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size, smaller leaves, and later flowering time (December to January). Most authors
describe H. macrophylla as having larger leaves than //. virginiana since this was
presumably the reason for the species designation (Jenne 1966). Lancaster's description
may be an error. Plants used in the present study showed a great variation in leaf size and
plant dimensions and also bloomed in December in years when the weather was very mild
during the winter. Other references to H. macrophylla indicate that it is probably a variant
of H. virginiana (Malmo 1958). Giannasi (1986) used a number of herbarium specimens
of plants in the family Hamamelidaceae to determine their phenolic and flavonoid
compounds. Both H. virginiana and H. macrophylla were analyzed and no apparent
differences in these compounds were found between these species.
An important economic use for witch-hazel is in the preparation of an extract made
from the bark and twigs that is used as an astringent (Hartisch and Kolodziej 1996).
American Indian and early folk remedies attributed healing properties to the extract (Ody
1993, Kaplan 1994). Later studies have verified that the plant does produce antioxidant,
anti-viral, and other compounds that possess medicinal properties. The active-oxygen
scavenging properties of Hamamelis were investigated by Masaki and coworkers. Cell
damage caused by active oxygen causes skin aging and this report indicates that witchhazel and other plants can protect the skin from these molecules (Masaki et al. 1995).
Another investigation showed that Hamamelis produces oligomeric to polymeric
proanthocyanides that exhibit anti-viral activity against Herpes simplex Type I virus
(Erdclmeier et al. 1996). This is the virus that produces cold sores usually found on the

18
lips and nose, and folk remedies have long included witch-hazel for these conditions
(Griggs 1994). Duwiejua and associates (1994) determined that anti-inflammatory
substances in aqueous ethanolic extracts of witch-hazel may have an inhibitory effect on
cell-mediated mechanisms of adjuvant arthritis. Another investigation also reported antiinflammatory activity of a Hamamelis distillate applied topically to the skin (Korting
1993). From this research it appears that the use of witch-hazel extract in cosmetic
preparations may have more than just a soothing effect.
Hamamelis virginiana is described as a large shrub or small tree that can reach
heights of 10-12 m and displays an irregular, spreading crown (Brown and Kirkman
1990). It has thin, light brown bark that is broken into scales and the twigs form a zig-zag
structure with greenish-yellow or tan-colored stalked buds (Foote and Jones 1989).
Distinguishing features include alternate, deciduous, simple leaves with undulate-margined
blades that are obovate and asymmetrical with unequal bases (Godfrey 1988, Brown and
Kirkman 1990). The leaves are 4-15-cm long with wavy to crenate margins that are dark
green above and paler with scattered stellate hairs below (Brown and Kirkman 1990).
Another distinguishing feature is the presence of stalked, asymmetrically curved hairy
terminal buds often described as resembling a scalpel blade (Godfrey 1988).
The plant flowers from September to December depending on where it is found
within its range. The flowers are fragrant and occur in axillary inflorescences usually
containing three flowers. Each flower has four strap-like, bright yellow petals contained in
a campanulate calyx and alternating with four functional stamens (Mione and Bogle 1990).
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Petals are 4-16-mm long (Radford el al. 1968). Four additional stamenodes are present
and these secrete nectar in small amounts (Mathew 1980, DeSteven 1983b). A
bicarpellate, bilocular, half-inferior ovary is present and there is one functional ovule for
each locule (Shoemaker 1905). An interesting property of witch-hazel flowers is that
transfer of pollen and pollen tube elongation occur in the fall while the plant is flowering,
but fertilization does not occur until the next spring 5-7 months later. This is apparently
caused by a dormant condition in both the ovules and the pollen tubes (Shoemaker 1905).
The number of successful fertilizations is usually low with only about 5-10% of eggs being
fertilized (DeSteven 1983b). Fruits are woody capsules about 1-1.5-cm long (Foote and
Jones 1989) that begin to develop in the spring with the ripe seeds dehiscing sometimes
for long distances by explosive mechanical ejection from the capsule in late summer to
early fall (DeSteven 1983b).
Hamamelis virginiana does not readily reproduce asexually and plants usually
remain distinct from one another (DeSteven 1993a). Pollination of witch-hazel is
performed by a variety of insects with Diptera and Hymenoptera being the most common
(DeSteven 1982a, 1982b, 1983a, 1983b; Heinrich 1987). The plant apparently makes
good use of any insects available during its fall blooming period but can also self-pollinate
if no outside pollinators are available (DeSteven 1983a). Fruit set appears to be
influenced by sunlight with plants in full sun producing a larger fruit crop than those in the
shade (DeSteven 1983b).
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Witch-hazel prefers open woods on slopes or ravines, sandy ridges, and stream
beds (Duncan and Duncan 1988). Good specimens are usually found in light shade with
adequate moisture (Nokes 1986), particularly in hotter climates. It is a slow-growing
plant but is not particular about cultivation requirements and does not seem to be
adversely affected by smog (McCormick 1993). Best results are obtained if Hamamelis is
planted in slightly acid loamy soil but it will survive in heavy clay (McCormick 1993,
Kaplan 1994). For landscape purposes a good location is at the edge of a woodland
facing west (Bir 1992).
Propagation of witch-hazel has been the subject of many workshops and papers
among professional horticulturists. Seed propagation is usually a two-year event in nature
with a reduction in time achieved experimentally by a combination of warm and cold
stratification (Young and Young 1986, Dirr and Heuser 1987). In an English study Gaut
and Roberts (1984) looked at chemical seed treatment and tested various lengths of warm
and cold treatment to try to determine the cause of seed dormancy. They concluded that
at least eight weeks of warm stratification (20oC) in a moist medium was required. A
longer time, up to 16 weeks, was not detrimental. This should be followed by at least 20
weeks of cold (40C), moist stratification. They also concluded that the dormant embryo
produced a diffusable lipase inhibitor that acts on the endosperm. After sufficient
warm/cold temperatures are applied, production of the inhibitor ceases and germination
ensues. These authors also found a strong positive correlation between seed moisture
content and per cent germination with 90% germination occurring in seeds containing

21
60-70% moisture (Gaut and Roberts 1984). In Canada, Leiss (1969) found that seeds
collected in August were too green and would not germinate. It is important to collect the
seeds before the capsules dry and open, but not so early that the seeds have not matured
(Leiss 1969).

Heit (1968) also cautions that it is necessary to collect the seeds early and

prevent the seeds from drying out. In Des Moines, Iowa, seeds collected in late August
were planted immediately and 90% germination was obtained from them the following
spring (Titus 1940). Hartmann and coworkers (1990) also advise growers to prevent the
seeds from drying before planting.
While other species of the genus Hamamelis are generally considered easy to root,
the species H. virginiana causes problems. Michael Dirr obtained only 2-5% rooting
using a procedure that worked well for him with other Hamamelis species (Dirr and
Heuser 1987), and Richard Bir states that he has never been able to root the native
Hamamelis (Bir 1992). Propagation from cuttings can take several months (McCormick
1993); and depending on when cuttings are taken and the climate in which the propagation
is being done, they often do not put on new growth before dormancy sets in for the
winter; and this results in overwintering problems (Fordham 1962, Dirr and Heuser 1987).
According to Dirr and Heuser (1987) cuttings should be collected as early as possible in
the spring. At the Arnold Arboretum outside Boston, MA, Fordham (1966) indicates that
there is a wide latitude in the time of collection of cuttings from June through July. Lamb
(1976), a propagator in Dublin, Ireland, was able to obtain 100% rooting by late June
from cuttings collected on 20 May. However, only 70% survived until the following April
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and some of these exhibited tip die back. It is possible that the differences in these
findings relate to the fact that Fordham and Lamb were using stock horticultural plants
and the others may have been collecting cuttings from native populations. Other
investigations have shown that an extended daylight condition in the fall may help to
prevent the dormancy that occurs after rooting, and application of fertilizer to rooted
cuttings should be withheld until new growth begins (Smalley and Dirr 1986).
Hamamelis virginiana has many interesting interactions with insects other than
those that are involved in its pollination. The witch-hazel leaf gall aphid Hormaphis cornu
(Shimer) has been shown to utilize witch-hazel as its primary host and river birch Betula
nigra L. as a secondary host (von Dohlen and Gill 1989, von Dohlen and Stoetzel 1991).
This would indicate that these two plants should not be located too close together in the
landscape. An interesting study indicates that the presence of witch-hazel cone galls
produced by Hormaphis hamamelidis (Fitch) may actually protect the leaves from
herbivory by other insects (Schultz 1992). Seeds of witch-hazel are infested by a hostspecific weevil Pseudanthonomus hamamelidis Pierce (De Steven 1981, 1982a, 1982b,
1983a), and the plants are also hosts to the caterpillar of a Lepidopteran Halisidota caryae
(Harris) (Lawrence 1990).
Liquidambar styraciflua
The first record of the American native tree commonly called sweetgum is a
description given by Don Bemal Diaz del Castillo who was traveling with Cortez in
Mexico in 1519. He describes smoking a pipe with the native Aztecs that was filled with
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"liquid amber" and tobacco. He was able to identify the smell because a similar substance
was known in Constantinople where it was used for incense. This substance came from
another species, Liquidambar orientalis Miller, that can be found in the mountains of
Turkey (Peattie 1966). Del Castillo's memoirs were not published until 1632. Before that
another Spanish explorer Alvar Nunez Cabeza de Vaca recounted a tree that he also called
liquid amber which he had seen near the present site of Apalachicola, Florida, in 1528.
This description was published in 1542 (Peattie 1966).
There now exist three species of Liquidambar, the native American, the Turkish
one, and another Asian relative L. formosana Hance (Weaver 1976). However, at least 20
other fossil species have been recorded; the oldest was found in Greenland and dates from
the Upper Eocene 55 million years ago (Peattie 1966). Some authors refer to the
sweetgum as a living fossil (Peattie 1966). The tree is tall reaching heights of 35-40 m but
it is slender in width producing a columnar appearance (Ernst 1963, Godfrey 1988). The
bark forms corky wings along the stems. Leaves are palmate, usually five-lobed but there
can be three to seven lobes with hairy undersides, serrate, sweet-smelling, and turning
various shades of yellow to maroon in the fall (Ernst 1963, Godfrey 1988). The leaves are
borne on petioles that are as long as the leaf and produce a pair of long stipules, 8-10
mm in length, on the upper side. These soon drop off, leaving a pair of scars that can
usually be identified for the rest of that season (Godfrey 1988). The tree is quite
distinctive and rarely misidentified, but novices who may confuse it with the maples should
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note that sweetgum leaves are alternately arranged and maple leaves are opposite
(Godfrey 1988).
Unlike all of the other species used in this study which produce perfect or bisexual
flowers, the flowers of sweetgum are strictly unisexual. It produces both male and female
flowers on the same plant so it is considered to be monoecious. The clustered greenishyellow male flowers arc formed at the ends of the shoots, and the female influorescences
with multiple flowers form in the axils of the leaves (Ernst 1963, Godfrey 1988). The
partly inferior ovary contains many ovules arranged in four rows within each of two
locules (Ernst 1963). The female flowers mature in late summer into fruits which are
spiny balls 2.5-4 cm in diameter (Brown and Kirkman 1990). Only one or two seeds are
formed in each locule; the other ovules abort and form hard, grapenut-like particles
(Godfrey 1988). The seeds are winged, about 10-mm long and 3-mm wide, with the
embryo attached on one side (Godfrey 1988).
Sweetgum trees are found from southern Connecticut west to southern Illinois,
Indiana, and Ohio, south into southeastern Missouri, Arkansas, eastern Texas and
Oklahoma, and east to Florida, usually occurring only in the lower altitudes (Ernst 1963).
They are also found in Mexico and South America (Godfrey 1988). They prefer moist,
alluvial soils but will rapidly seed into recently cut hardwood or pine lands even on upland
sites (Brown and Kirkman 1990). They can also be found in wet woodlands and even in
standing water (Godfrey 1988). Their fall color makes them attractive landscape plants
(Everett 1982), and the gum they produce has been used extensively in chewing gum.
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cosmetics, perfumes, and incense (Ernst 1963). A study of the essential oils contained in
the leaves of sweetgum revealed 60 different components (Tattje et al. 1980). Apparently
some of these contribute to the medicinal uses made of sweetgum, especially in the south,
to treat sores and skin diseases, and it was reportedly used by Confederate doctors to treat
dysentery (Peattie 1966). The wood which can be polished to a high luster is called satin
walnut and it is often used in cabinet making (Peattie 1966).
There is usually no problem in propagating sweetgum. The problem is to keep it
from seeding and suckering eveywhere that it is not wanted. Since it is a fine forest tree, it
is often used for reforestation and is usually propagated from seeds (Young and Young
1989). Cold stratification for about one month usually increases germination and seeds
should be kept moist and not allowed to dry out (Dirr and Heuser 1987, Young and
Young 1989).
Forestry scientists discovered a feature of the propagation of sweetgum that may
provide a clue to the solution of problems encountered in propagating other members of
the Hamamelidaceae. It was found that sweetgum seedlings grew significantiy faster and
bigger if they were inoculated with mycorrhizal fungi (Bryan and Ruehle 1976). Another
study in which plants were grown in fumigated soil with or without a mycorrhizal fungus,
Glomus mosseae (Nicol. and Gerd.), and at four levels of fertility showed that those plants
that were not inoculated with the fungus either died or grew to no more than 5 cm in
height no matter to which fertility level they were subjected. Treated plants grew to an
average height of 36 cm with very few dying regardless of fertilizer treatment (Kormanik
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et al. 1977). If plants were grown in fields that had been fumigated with methyl bromide,
they soon were recolonized with ectomycorrhizae because the spores of this type are
wind-borne. However, endomycorrhizae are not wind-borne, so seedlings were inoculated
with either naturally-occurring endomycorrhizae or cultures of Glomus mosseae. This
study resulted in treated seedlings that were eight times as tall and contained 80 times the
amount of top weight compared to uninoculated controls (Bryan and Kormanik 1977).
Research on cultivated plants other than sweetgum also has demonstrated that
both ectomycorrhizae and endomycorrhizae form important symbiotic relationships with
plants, and these relationships dramatically enhance the production of roots from cuttings
as well as the growth of seedlings (Verkade 1986). The ectomycorrhizae develop an
easily visible sheath of hyphae around roots. These do not enter the root cells but are
thought to exude an auxin-like substance. Endomycorrhizae are microscopic in size and
do penetrate the cells of the root. They form two kinds of structures, arbuscles and
vesicles, that have given them another designation, YAM (vesicular/arbuscular
mycorrhizae) (Verkade 1986). The arbuscles are composed of minute hyphae that appear
and dissolve and these are thought to provide a medium of exchange between the fungus
and the plant. The vesicles are small drops of lipid that can store nutrients or act as
resting spores (Verkade 1986).
Additional work with mycorrhizae has shown that more primitive species of
angiosperms such as the Magnoliales do not produce root hairs on their roots as do more
recent species (Powell and Bagyaraj 1984). In fact it has been shown that plant growth
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without the presence of mycorrhizal fungi is positively correlated with the number and size
of a plant's root hairs (Powell and Bagyaraj 1984). It is thought that the fungi may help to
provide nutrients to these primitive plants in the same way that root hairs provide them for
species that evolved later (Powell and Bagyaraj 1984).
Loropetalum chinense
The Chinese fringe tree is native to western China and the Khasi Hills of India. It
also occurs in Japan in a forest preserve called the Ise Grand Shrine Forest (Creech 1986).
Early collectors were told that the reason the plant no longer existed outside this preserve
in Japan was that it had been exterminated for use as charcoal (Creech 1986). Frank
Meyer, a USD A scientist who collected in China, brought back plants from Soochow in
1908. He reported that the Chinese did not cultivate the plant and in his experience it did
not transplant well (Creech 1986).
Loropetalum is an evergreen shrub, but it is closely related to Hamamelis
according to taxonomists (Weaver 1976). Like its American relative witch-hazel, Chinese
fringe tree has been used in traditional Chinese medicine to treat diarrhea, hemorrhaging,
and women's ailments (Yoshida et al. 1993). Its name comes from two Greek words,
loron which means strap and petalon meaning leaf or petal (Everett 1982). The petals of
Loropetalum like Hamamelis are straplike. The shrub grows about 1-5-m tall (Rehder
and Wilson 1913, Everett 1982) and produces white, creamy-yellow, or pale green
flowers, mostly in early spring, but it may bloom again throughout the year (Weaver
1976). It has oval alternate leaves 2.5-6.5-cm long with asymmetrical bases like
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witch-hazel and the leaves have hairy surfaces like other Hamamelidaceae (Everett 1982).
The stems display multiple, hairy branches and the flowers have four-lobed calyxes, four
petals, four stamens, and two styles (Everett 1982, Mione and Bogle 1990).
Loropetalum prefers peaty, slightly acid soil that is moist but not wet. It can
tolerate full sun or part shade (Everett 1982). It grows rapidly and is not adversely
affected by diseases or insects (Gawel et al. 1996). Propagation of this species is usually
accomplished by softwood cuttings (Everett 1982) and cuttings taken in late July, treated
with 3000 ppm IB A, stuck in peat:perlite (1:1), and kept under mist yielded 80% success
(Dirr and Heuser 1987). Hardwood cuttings taken in late December and treated with
4000 ppm IBA in talc also gave 15% success (Dirr and Heuser 1987). A search of the
literature indicates that there are not many references containing information on seed
propagation of Loropetalum (Dirr and Heuser 1987, Young and Young 1989); however,
Dirr and Heuser (1987) recommend stratifying seeds for three months warm followed by
three months cold conditions. A single reference to seed propagation of the pink-flowered
variety of Loropetalum indicates that five plants were produced from 500 seeds (Dirr et al.
1995). However, it was unclear whether five red-leaved plants or five total were
produced.
Recently, a new red-leaved and pink-flowered variety of Loropetalum (L. chinense
var. rubrum YiehJ has gained great popularity in the nursery trade and is appearing in
gardens all over the country (Gawel et al. 1996). The rapid introduction of this variety
has caused problems in identifying distinct cultivars and some researchers have used
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RAPD (randomly amplified polymorphic DNA) techniques to try to resolve the differences
between various selections (Gawel et al. 1996). Results indicated that plants fell into three
phenotypic groups: green-leaved/white-flowered; green-leaved/pink-flowered; and redleaved/pink-flowered (Gawel et al. 1996). However, genetic groupings did not correlate
closely with these phenotypes and fell into four types (Gawel et al. 1996). Some of the
problems in properly identifying these cultivars, according to these authors, stem from the
fact that plants have not been grown to maturity in this country and have not been
compared while growing side-by-side (Gawel et al. 1996).
MATERIALS AND METHODS
Softwood Cuttings
Hamamelis:

Plant material was obtained from property located on county-

maintained Kennedy Bridge Rd., south of Register, in Bulloch County, Georgia. The land
is on the west side of the highway 1 mi north of the Kennedy Bridge over the Canoochee
River. Permission to collect plant specimens was obtained from Allen Lewis of Georgia
Carolina Land Co, Inc. in the spring of 1996. In the spring of 1997 the land was sold to
Randy and Betty Rigdon who are building a home on the property. Permission was also
obtained from Randy Rigdon to continue the research. The area is a sandhill community
that slopes down to Ten Mile Creek and contains a large population of witch-hazel
including several large, old specimens and many young plants. Cuttings were 12-15-cm
long and were taken in early morning from juvenile plants using current years' growth
except for the specimens taken in April 1997. These cuttings were made as soon as the
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plants leafed out, thus the stem growth was from the previous year. Cuttings were placed
in water in a styrofoam cooler containing ice for transport back to the greenhouse.
Rooting medium was a mixture of peat:sand (1:1) about 7.5 cm deep in 10 cm
round plastic pots. Rooting hormone was of two kinds. For the samples rooted using a
homemade system consisting of a plastic tray with a plastic bag placed over it, a IfXX) ppm
indole-3-butyric acid (IBA) in talc (Ferti-lome Rooting Powder, Bonham, TX)
formulation was used. This was identified as hormone level (1). For the samples placed
under a professional mister at the Georgia Southern Botanical Garden, a professional
grade hormone solution containing 10,000 ppm IBA and 5,000 ppm naphthalene acetic
acid (NAA) in alcohol was used. This was a gift from John Gibson, the director of the
Georgia Southern University Botanical Garden. Serial dilutions of this liquid in plain
water were made for final hormone levels of (2)-1875 ppm, (3)-3750 ppm, (4)-7500 ppm,
and (5)-15,000 ppm. None of the above solutions contained a fungicide. Two control
sets were prepared using no hormone--one for the homemade system and one for the
mister. Four replicates of each hormone treatment were made for each sampling date as
well as for the control samples (28 cuttings for each date). Aliquots of rooting hormone
for each concentration were placed into small glass vials and the cut end of each cutting
was dipped briefly into the vial to coat it with hormone. Holes were made in the damp
rooting medium using the handle of an old toothbrush. Each cutting was inserted about 6
cm into the medium and the medium was firmed around the cutting to keep it upright.
Each pot was watered until water drained out the bottom of the pot and some excess
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water was left in the bottom of the tray. Controls were dipped into plain water instead of
hormone solution. Cuttings treated with hormone in talc were dipped in water first and
then shaken slightly before dipping in talc mixture.
The homemade rooting trays were placed on a screened porch on the northeast
side of the house where they received almost no direct sunlight. They did receive bright
indirect light and were exposed to ambient outdoor temperatures. The plastic bags used
were recycled grocery bags made of opaque white plastic. These were selected because
they were slightly stiff and retained a tentlike structure over the trays without the need for
a support. The trays were recycled muffin trays configured to hold four large muffins of
about the same diameter as the 10-cm pots. The plastic bag was placed over the tray and
the handles tucked under so that a closed system resulted to maintain high relative
humidity.
A record of maximum and minimum temperatures was made daily and is included
in the Appendix. In the early spring the samples were occasionally placed into the
greenhouse if freezing weather was predicted. They were also placed into the greenhouse
for protection on two occasions when hurricanes threatened the area and extremely high
winds were forecast. Weekly examinations were made to check moisture levels and water
was added to trays if they appeared dry. Also, checks were made for mold and insect
damage and after about three weeks, they were checked for rooting using the tug test.
This was done by gently pulling on the stems. If the cuttings were rooted, they would
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resist; if not, they could easily be pulled out. Notes were made concerning the condition
of the cuttings and the leaves. Any obviously dead material was removed.
After eight to ten weeks if the samples resisted tugging, they were gradually
removed from the humidity tent and exposed to increasing levels of sunlight by moving
them to a deck adjacent to the screen porch for varying amounts of time each day. They
were also fertilized weekly (on the recommendation of John Gibson) with diluted (1/2
recommended strength) fish and kelp organic fertilizer (Concern Vitalize 3-2-2, Necessary
Organics, New Castle, Virginia) and watered with rain water from a rain barrel as needed.
The samples placed under intermittent mist were taken to the Georgia Southern
University Botanical Garden and placed on the wire screen platform on which the mister
was located. The frequency of misting was 75 sec and the mist duration was 15 sec. The
mister was shaded during part of the day by surrounding trees, but the samples received
direct sunlight during at least some part of every day. They were also exposed to the
vagaries of squirrels, lizards, and insects. The water used was municipal water and
contained a high amount of dissolved minerals as evidenced by hard water buildup on the
pots. Samples were removed and examined weekly during the time that they were on the
mister. Whenever the tug test indicated that cuttings appeared to be rooting, they were
taken back to the screened porch and handled in the same manner as the bagged samples.
Hamamelis cuttings were collected on the following dates: 3 May, 31 May, 17 June, 10
July, 1 August, 14 August, 29 August 1996.
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Fothergilla: Cuttings were collected from three horticultural specimens of F.
gardenii var. 'Blue Mist' located at the Georgia Southern University Botanical Garden.
Only the homemade bagging technique was used with these samples and the procedure
was the same as for Hamamelis with these exceptions. The hormone used was a
commercially available preparation called Roots manufactured by Laboratoires Wilson
Inc., Dundas, Ontario, Canada. It contained 4000 ppm IBA in a gel formulation and also
contained 5-ethoxy-3-trichloromethyl-l, 2,4-thiadiazole to prevent fungal growth. This
preparation was identified as hormone (6). Sampling dates were 3 June, 17 June, and 17
July 1996. Also, the rooting medium used for the Fothergilla specimens was
sand:horticultural grade perlite (1:1).
Liquidambar: Cuttings were taken from juvenile native plants located at the
author's home, 16 Myrtle Lane, Statesboro, GA. They were treated exactly as the
Fothergilla specimens above. Cuttings were collected on 3 June, 24 June, and 17 July
1996.
Overwintering: As autumn approached all rooted cuttings were placed in a
protected area behind the greenhouse at the author's home. Fertilizer applications were
discontinued but cuttings were watered as needed. The winter of 1996-97 was mild in
southeast Georgia, but when freezing temperatures were predicted, cuttings were taken
inside the greenhouse where the temperature was maintained above 0oC by a combination
of solar and electric heat. In the spring, cuttings were moved outside to a sunny but
protected location and watered until new growth appeared. A maximum/minimum
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temperature reading was also collected in the greenhouse during the time the specimens
were located there. Temperature data are included in the Appendix.
When new growth appeared on the cuttings, they were repotted into larger pots
containing Professional Potting Mix (A. H. Hoffman, Landisville, Pennsylvania) and
placed on benches outside the greenhouse in full sun. Hoffman's mix contains 50%
Canadian sphagnum peat moss, vermiculite, reed sedge peat, limestone (pH adjuster), and
a wetting agent. The cuttings were watered as needed and fertilized with fish emulsion
fertilizer diluted to half the recommended strength every two weeks.
Seed Propagation
Hamamelis: Seeds were collected on 14 and 29 August 1996 from the witchhazel plants at the same site on Kennedy Br. Rd. from which cuttings were taken. A few
ripe seeds from each of a number of plants were collected on each date. They were placed
into paper bags in the trunk of the car (kept in the garage most of the time) for
approximately 48 hr. After this time the seeds were separated from the capsules and
stored at air-conditioned room temperature (20-250C) out of sunlight in a paper envelope
except when they were processed immediately after collection. Capsules in which seeds
had failed to dehisce were replaced in the paper bag in the car trunk and checked in an
additional 24 hr. Seeds from each collection date were kept separate from each other to
determine whether maturity would be a factor in germination.
Four groups of seeds were designated Sets A, B, C, and D. Set A contained
seeds from the 14 August collection. On 1 September 1996 these were placed into a seed
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flat containing moist potting mix and covered with a plastic dome. This was then placed
under a bench in the shade behind the greenhouse. The seeds were watered whenever the
medium appeared dry. On 7 November the tray was transferred inside the greenhouse
and placed on the floor out of direct sunlight, still covered with the plastic dome. Water
was added as needed and the greenhouse maintained at a temperature above 0oC. On 21
January 1997 the flat was moved onto the benchtop in full sun but with the dome still in
place. On 19 February the dome was removed and seeds continued to be watered as
needed.
Set B also contained seeds from the 14 August collection. On 28 August these
were cleaned by placing them into plain water overnight. All of the seeds floated. They
were then air dried and on 1 September they were placed into a polyethylene Ziploc bag
containing damp peat:sand (1:1) and placed on the screen porch for warm, ambient
temperature stratification. On 1 December 1996 the bag was placed into a refrigerator at
0-40C for cold stratification. Seeds were checked weekly and water added whenever the
medium appeared dry. On 3 February 1997 the seeds were rinsed free of the stratification
medium. Of these, 18 seeds floated in the water and 77 sank. The sinkers were planted in
a seed flat, covered with a plastic dome, and placed on a shelf in a temperature-controlled
kitchen held at 20-25 0C. The shelf was under a west-facing window in the afternoon sun.
Water was added whenever the medium felt dry. On 7 March the flat was moved into the
greenhouse and the dome removed.
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Set C was handled in exactly the same manner as Set B except that the seeds were
collected on 28 August 1996. They were cleaned and placed into the peat:sand medium
on 1 September and transferred to the refrigerator on 1 December. On 28 February 1997
these seeds were washed and all 108 sank in the water. It was noted that approximately
20% were beginning to germinate. They were planted using the same procedure as for Set
B above.
Set D was treated using the standard horticultural procedure of 3 mos cold
stratification. Seeds were collected on 28 August, cleaned, separated, and placed into a
clean, dry polyethylene bag at room temperature (20-250C). On 19 November 1996
damp peat:sand (1:1) was added to the bag and it was placed into a refrigerator at 0-4oC.
On 15 February 1997 the seeds were rinsed free of the medium in plain water. Only one
floated, the other 144 sank in the water and, after air drying, were planted into potting mix
and placed on a shelf in the kitchen with the other sets above. On 7 March they were
moved to the greenhouse and the dome removed.
Liquidambar: There was a late freeze in the spring of 1996 that severely damaged
the seed crop for sweetgum. The only seeds readily available were on some trees on the
campus of Georgia Southern University. Green seed capsules were collected on 8 Ocober
1996 and placed into paper bags to dry and ripen. Seeds were separated on 16 October
1996 and stored in a clean, dry Ziploc bag at room temperature. On 1 January 1997 damp
peat:sand (1:1) was added and the seeds were placed into the refrigerator for 1 mo cold
stratification as recommended in the literature (Young and Young 1986, Dirr and Heuser
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1987). On 3 February seeds were rinsed free of medium and all floated in water. They
were planted into potting mix and placed on a shelf in the kitchen with a plastic dome
covering the flat. On 7 March these seeds were treated with a slurry made from soil
collected around the roots of mature sweetgum trees. This was done to provide a source
of mycorrhizal fungi which are critical for growth of sweetgum seedlings (Bryan and
Kormanik 1977). Seeds were transferred to the greenhouse, uncovered, and placed in the
sun.
Corylopsis: Seed capsules were obtained from a plant owned by John Gibson and
were given to the author on 5 November 1996. Capsules were dried as described for
Hamamelis above and seeds removed. There were six seeds. On 7 November the seeds
were placed into damp peat:sand medium in a Ziploc bag and placed on the screen porch
for warm stratification. On 1 January 1997 the bag was placed into the refrigerator for
cold stratification. On 28 February seeds were removed and rinsed free of medium. All
sank in water and two had radicles emerging. They were placed in potting medium and
handled in the same manner as the Hamamelis seeds above.
Loropetalum: Seed capsules were obtained by John Gibson from a plant located
at the Coastal Gardens (formerly Bamboo Garden) in Savannah, Georgia, and given to the
author on 5 November 1996. They were allowed to dry and dehisce and 21 seeds were
recovered. On 7 November they were separated into two groups. Set A (12 seeds) was
placed into damp peat:sand in a Ziploc bag on porch for warm stratification. On 23
December when the bag was examined one seed had sprouted. This was removed and
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planted in potting mix in the greenhouse. On 1 January when the bag was to be put into a
refrigerator for cold stratification, two more seedlings had sprouted and were transferred
to potting medium. The remainder were placed into the refrigerator in the damp medium.
On 28 February, nine seeds were recovered from the medium. One seed floated, the other
eight sank in water. One had a radicle emerging. All were planted in potting mix in a seed
flat and placed on a shelf in the kitchen.
Set B (10 seeds) was placed into moist potting mix in a seed flat on 7 November
1996, covered with a plastic dome, and placed into the greenhouse.
Seedling Aftercare
When two true leaves appeared each seedling was transferred to a 5 x 5-cm peat
pot containing potting mix and labelled. These were placed in plastic trays with open
bottoms, watered when the medium appeared dry, and kept on a bench in the greenhouse
in full sun. On 19 March 1997 after the weather had stabilized, seedlings were moved
outside to avoid extreme heat buildup inside the greenhouse during the day. Beginning on
20 April 1997, seedlings were transplanted (peat pot and all) into a medium consisting of
potting mix:builders sand (2:1) in 10-cm diameter plastic pots. These were placed in open
bottom plastic trays and kept on a bench outside the south-facing wall of the greenhouse.
This area is in full sun until about the middle of the afternoon when trees on the west side
of the greenhouse provide shade. In July 1997 seedlings were again transplanted into
larger 3-liter pots containing a medium consisting of ground pine bark:topsoil:composted
cow manure (3:1:1). This is a modification of Richard Bir's recipe for a growing medium
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for southeastern native plants (Bir 1992). His recipe is (3:1) pine bark:peat with sand
added to provide weight. Local topsoil was used in an attempt to supply mycorrhizal
fungi as well as sand, and cow manure was used to provide organic nutrients.
Seedlings were fertilized with diluted fish emulsion fertilizer every 2 wk alter
transplanting to 10-cm diameter pots. No fertilizer was applied before that time. Plants
were watered as needed, monitored for insects and fungal diseases, and weeds and insects
removed from pots when they appeared. This garden is maintained using organic
gardening procedures and no artificial pesticides or fertilizers are used.
1997 Modifications-Softwood cuttings
Hamamelis: On 1 April, 19 April, and 17 May 1997, cuttings were taken from the
same site as in 1996. No hormones were used and cuttings were only placed in plastic
bags; no mist apparatus was used. Otherwise cuttings were handled as for 1996
specimens. In addition one set of four cuttings from each date was treated with a slurry
containing soil and pieces of root from the base of a growing plant. This was done in an
effort to supply an inoculum of mycorrhizal fungi. As in 1996 a control set of four plants
was treated with plain water.
Fothergilla: Three native populations of Fathergilla gardenii were found during
field trips in the fall of 1996 and spring of 1997. Cuttings were taken on 2 May 1997 from
the Taylor Farm in Emanuel Co., Georgia; 16 May 1997 from Ft. Stewart Army
Reservation, Long Co., Georgia; 18 May 1997 from the Taylor Farm; 11 July 1997 from
Ft. Stewart; and 18 July 1997 from property of Alan and Diane Bailey also in Emanuel
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Co. near Stillmore, Georgia. Each of these groups of cuttings was divided into two sets
of four each. The treated group was watered with a slurry containing soil and pieces of
root from the same plants from which cuttings were taken. The control group was
watered with plain water. No hormones were used. Other techniques for handling
cuttings were the same as described above for Fothergilla cuttings taken in 1996 except
that rooted cuttings were repotted on 1 September 1997 into a potting mix consisting of
(1:1) Hoffman's Professional Mix:pine bark to provide additional water-holding capacity.
1997 Modiflcations - Seeds
Fothergilla: No seeds were obtained from the native populations of F. gardenii
during 1996 and 1997, however 23 seeds were obtained from the North Carolina
Botanical Garden at Chapel Hill. These were produced in 1995 and had been in storage in
North Carolina. On 10 May 1997 the seeds were rinsed in plain water (all floated), put in
a plastic bag containing peat:sand (1:1), and placed on the porch for warm, ambient
stratification until November 1997. They will then be placed into a refrigerator at 40C for
3 mo cold stratification followed by planting in seed flats in early February 1998.

RESULTS
Softwood Cuttings
Hamamelis: No rooted cuttings from 1996 survived the winter from any of the
groups, a total of 176 cuttings. Very few (8.5%) produced any roots and those produced
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were very short (< 1 cm). No cuttings from April or May 1997 produced any roots. Most
were contaminated by fungal growth and the others died without rooting.
Fothergilla: The total number of cuttings collected in 1996 was 24. Although
three cuttings produced roots from the 17 July 1996 collection date, only one (4.2%)
successfully overwintered. It was from the control group. After putting on new growth in
early spring, it failed to put on additional leaves; the existing leaves turned brown and the
cutting died at the end of July 1997. None of the other cuttings collected in 1996 rooted.
Cuttings collected 2 May 1997 from the Taylor Farm have all died. A single
cutting from the control group collected 16 May 1997 from Ft. Stewart has rooted. Of
those collected 18 May 1997 from the Taylor Farm, two in the control group and one
from the treated group have rooted. All other 1997 cuttings have died. This gives a
success rate of 8.3% (4/48) for cuttings from native populations. As of 1 September 1997
no new growth has appeared on the four rooted cuttings although leaf buds are present. It
remains to be seen if they can be successfully overwintered.
Liquidambar: Two rooted cuttings out of 24 (8.3%) were successfully
overwintered. Both were from the group collected on 17 July 1996 . One was treated
with hormone, the other was from the control group. These cuttings are thriving and as of
1 September 1997 one is 30 and the other 40-cm tall.
Seed Propagation
Hamamelis: Table 1 shows germination results for the four groups used in this
section of the study. A X2 contingency test was performed on the data to test the null
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hypothesis that seed germination was independent of seed treatment
was rejected (X2 =203 .6, df=3, P < 0.001)

The null hypothesis

Because examination of the data indicated that

most of the difference between the groups was due to Set C, a test for homogeneity was
performed on results from Sets A, B, and D only to test again the null hypothesis that seed
germination was independent of seed treatment for only these three groups. The null
hypothesis was not rejected (X2=0.84, df=:2, 0.75 < P < 0.50). This indicated that these
three groups were homogeneous and, therefore, the significant difference among the four
groups obtained in the initial X2 test was attributable to Set C (Zar 1984).
As of 1 September 1997, of the 110 seeds that germinated, 81 are still alive and
range in height from 2.5-23 5 cm
Table 1. Factors affecting germination of Hamamelis virginiana seeds.

Factor

Set A

Set B

Set C

Set D

14 Aug '96

14 Aug '96

29 Aug '96

29 Aug '96

Time delay before placing
in moist medium

2 weeks

2 weeks

2 days

11 weeks

Date stratified/planted

1 Sep '96

1 Sep '96

1 Sep '96

19 Nov '96

N/A

1 Dec '96

1 Dec '96

19 Nov '96

Date planted @ 20-250C

1 Sep '96

3 Feb '97

28 Feb '97

15 Feb '97

Date 1st germination

1 Mar '97

19 Feb '97

14 Mar '97

14 Mar '97

Total number of seeds

108

77

108

144

8(7.4)

5 (6.5)

83 (76.9)

14 (9.7)

Date collected

Date refrig. @ 4°C

Number germinated (%)
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Liquidambar: Only one seed germinated out of 60 planted (1.7%). As of 1
September 1997 this seedling is alive but not thriving and is only 5 cm tall.
Loropetalum: Eleven out of 21 seeds germinated (52.4%). As of 1 September
1997, six seedlings have survived. These six exhibit three different phenotypes; there are
two seedlings of each type. Two have shiny green leaves, two have hairy green leaves,
and two have hairy red leaves. The seedlings are 10-18-cm tall and thriving.
Corylopsis: Six of six seeds germinated (100%). One seedling died in July 1997.
The other five are thriving as of 1 September 1997. They range in height from 9-34 cm.
DISCUSSION
Propagation of Hamamelis virginiana from cuttings has proved difficult even for
professional horticulturists (Leiss 1969, Dirr and Heuser 1987, Hartmann et al. 1990, Bir
1992). It is not unexpected, therefore, that results from this study were all negative. The
literature indicated that the use of rooting hormones and a professional misting apparatus
gave variable results (Dirr and Heuser 1987). They did not appear to provide any
essential additional factors in this study. The inexperience of the propagator certainly
produced a learning curve that affected the earliest cuttings to a greater degree than later
ones. Too early removal from high humidity conditions was probably a major factor in the
poor results obtained. The literature indicated that rooting would occur in 5-8 wk
(Fordham 1966, Dirr and Heuser 1987). The tug test was probably not sufficient to judge
rooting. Inversion and examination of cuttings would have been better, however the
literature also cautioned against disturbing the rooted cuttings and advised that they not be

44
transplanted after rooting (Fordham 1966). Examination of the few cuttings that
produced roots at all revealed only very short roots (< 1 cm) and only one or two per
cutting if they were present. These roots were brown and not branched. Primitive plants
such as the Hamamelidaceae do not form root hairs (Powell and Bajyaraj 1984). In their
native environment they depend on mycorrhizal fungi to perform the functions that are
provided by root hairs in more highly evolved plants (Powell and Bajyaraj 1984). Studies
on seedling growth of Liquidambar indicated that mycorrhizal fungi are very important in
both germination of seeds and prosperity of seedlings (Bryan and Kormanik 1977).
Application of artificial rooting hormone, often containing a fungicide, to stimulate rooting
and the use of sterile rooting medium to eliminate undesirable fungi in the high humidity
necessary for rooting softwood cuttings are both standard horticultural techniques (Dirr
and Heuser 1987, Hartmann et al. 1990). This practice of suppressing fungal growth may
be detrimental, however, to the propagation of many plants because it destroys beneficial
fungi (Bryan and Kormanik 1977). Accounts of propagation of Hamamelis in the
literature were mostly based on horticultural specimens produced after many generations
of plant breeding in an artificial environment (Fordham 1966, Dirr and Heuser 1987).
Woodland specimens may have a greater need for the symbiotic relationships they have
formed with other species such as fungi in their native environment than do these hothouse
specimens.
The negative results obtained with Hamamelis virginiana in spite of the large
number of cuttings attempted indicates that something must be missing for the vegetative
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propagation of this species. An application of pure mycorrhizal fungi, if it could be
obtained, might be used to test whether this is essential for rooting. The use of a slurry
containing soil and pieces of root from existing plants may provide the necessary
mycorrhizal fungi, but it also contains certain harmful fungi that cause rotting and other
problems with cuttings. Rooting of Fothergilla gardenii cuttings collected from native
populations in 1997 and treated with such a slurry was no more successful than the control
groups treated with only water.
The addition of mycorrhizal fungi may be much more useful after cuttings are
rooted to aid the plants in absorbing nutrients and stimulating budbreak before winter
dormancy sets in. A simple experiment with two Hamamelis seedlings which were treated
with a slurry of root material and also potted in medium containing local topsoil and then
grown side by side with two unseated seedlings grown in sterile potting medium gave
dramatically different results. The treated seedlings were much greener, had more leaves,
and were 1/3 taller than untreated plants. Both groups were watered and fertilized in
exactly the same amounts, but the treated plants appeared to be able to absorb the
fertilizer more readily. Although no examination for the presence of mycorrhizae was
done, this could easily explain the difference.
Concerning root development one additional finding that may be important when
attempting to propagate other native plants was the failure of seedling roots to penetrate
peat pots. These are often used with horticultural specimens and they generally have no
trouble with root hairs penetrating the peat pot. When the Hamamelis seedlings were
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repotted in July 1997, many of them had not penetrated the original peat pots into which
they were transplanted and the roots did not extend into the medium in the 10 cm pots to
which they were subsequently transferred. These seedlings were much smaller and more
water-stressed than the others. For future propagation studies using other native plants,
the absence of root hairs may be a good indication for not placing seedlings in peat pots.
Another possible explanation for rooting failure is the timing of the collection of
cuttings. An attempt was made in this study to cover a broad range of the growing season
from early April through August. The literature is conflicting on the best time. Some
authors insist that early collection is best (Dirr and Heuser 1987). Others indicate that
cuttings root over a wide range of the season (Fordham 1966, Nokes 1986, Hartmann et
al. 1990). The plant, however, flowers in late fall or early winter. Since many plants that
bloom in the spring are easier to root just after they bloom, it is possible that Hamamelis
virginiana operates on a different seasonal clock from other plants. One herbal reference
indicated that branches should be collected while in bloom in late fall/early winter and
covered with dirt until spring (Kaplan 1994). A preliminary experiment using this
technique was done in the winter of 1996/97 by the author, however no rooting occurred
on any of the three specimens used. Hardwood cuttings taken in the winter might produce
better results and this technique will be attempted in future trials.

In late July 1997, the

author attended a native plant conference at Cullowhee, North Carolina, where many
native plant growers had plants for sale. In discussions with these individuals, it was
learned that Hamamelis cuttings need to be dried out before sticking. This technique is
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used with some other horticultural plants (pers. communication, Roland Parrando) but is
not mentioned in textbooks. It is part of the art of propagation rather than the science. In
future trials, this technique will be incorporated.
Seed propagation, compared to cuttings, is an easier and more natural way to
produce new plants although it takes longer to obtain specimens of landscape size. Most
gardeners delight in growing plants from seeds and it has the added advantage of
increasing the genetic diversity of a species rather than restricting it as vegetative
propagation does. Seed germination results seem to point to two critical factors in seed
propagation of the Hamamelidaceae. The first is the use of good, fresh seeds. The poor
results obtained with Liquidambar are almost certainly the result of a damaged seed crop.
Late frosts can wipe out a seed crop entirely (Young and Young 1986) as was the case for
most of the trees in this area in 1996. Normally, sweetgum seedlings sprout profusely all
around existing trees and artificial propagation of this species is not necessary.
The other factor is the need to get the seeds into a moist environment as rapidly as
possible after they dehisce from their capsules. All of the seed capsules and seeds of the
subfamily Hamamelidoideae are very similar (Endress 1989b). In this study it was noted
that capsules and seeds obtained from the four genera in this subfamily (Corylopsis,
Fothergilla, Hamamelis, Loropetalum) were almost identical in appearance. They differed
only in size with Corylopsis being the smallest and Hamamelis the largest.

In this study,

three of these species-Cory bps is, Loropetalum, and Hamamelis Set C—gave good
germination results the first spring after collection. The normal germination time is two
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years (Young and Young 1992). All three were put into potting medium or damp
stratification medium as soon as they were separated. The other Hamamelis groups were
kept in dry, room temperature conditions for at least two weeks before placing into a wet
medium. Hamamelis is known to exhibit double dormancy (Dirr and Heuser 1987, Bir
1992) but, apparently, this technique prevents one or both types of dormancy from being
triggered. Set B was treated almost identically to set C except that seeds were collected
and separated two weeks prior to placing into wet medium. Seed maturity might also be
considered here except that Set D also failed to produce significant germination and these
seeds were collected at exactly the same time as Set C. Also, the appearance of the seed
capsule is a good indicator of seed maturity (Young and Young 1986) and both of these
collections were limited to capsules that had turned from green to tan. The fact that
Corylopsis and Loropetalum both gave good germination results even though they were
only subjected to minimal stratification time also appears to indicate that the key is getting
the seeds into a moist environment quickly.
The poor germination results for Liquidambar also were probably due to drying of
the seeds. They were not placed into moist medium until they were put into a refrigerator
for cold stratification several months after collection.
An interesting addition to this research has been the production of seedlings of
Loropetalum chinense. The production of three distinctly different phenotypes in the
seedlings indicates a potentially interesting genetic variation. All of the seeds came from
one plant and it was the only plant at the site, therefore the seeds must have been the
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result of self-fertilization. The parent plant is a mature specimen and is quite large (5-6-m
high) with red leaves. It has not been observed in flower. The future growth of these
plants will be followed with much interest to see what type and color of flowers are
produced and how the plants differ as they mature.
CONCLUSIONS
The fact that at least one rooted cutting was produced from both Fothergilla and
Liquidambar without the use of hormones and using a homemade humidity chamber by an
amateur gardener with no previous experience in rooting cuttings indicates that it is
feasible to use this procedure to obtain a limited number of rooted cuttings of native
plants. Other native species are not likely to be as difficult as the Hamamelidaceae.
Using the stratification techniques described in this study, seed propagation of
Hamamelis should not be difficult for an amateur. Further work could be done to repeat
the results obtained with Set C using seeds from future years. Also, seeds could be
collected from native populations of Fothergilla gardenii and used to propagate this
species. Since Fothergilla is an endangered species, this should only be done with
guidance from knowledgeable people, but such a study may provide useful information for
the preservation of this species.
Finally, the most enduring result of this study is that the author has gained a lasting
appreciation for the native plants of the coastal plain and this will form the basis for a
positive and mutually beneficial relationship. Propagation of seeds of several additional
local native species not previously known to the author has already begun. Native coastal

plain plants need as many advocates as possible to publicize their value, protect their
habitat, and increase their numbers to counteract the opposing forces of development and
thoughtlessness that threaten to eliminate them. Humans, in turn, can benefit from the
influence of these gentle, ancient creatures in restoring man to his proper place in the
natural world. This symbiosis may be one way of giving humans the ability to cope with
the stressful lifestyle that modem life imposes upon them.
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APPENDIX
Temperatures recorded from maximum/minimum thermometers located in
greenhouse and on screened porch while cuttings, stratifled seeds, and seedlings
were held at each location.
Max.
temp.
record
TC)

Min.
temp.
record
ro

Av.
max.
ro

Av. min.
(0C)

Location of plant
material

Year

Week of

1995

10/8-10/14

31

16

27

18

screened porch

10/15-10/21

29

9

25

11

screened porch

10/22-10/28

28

6

25

12

screened porch

10/29-11/4

28

7

21

13

screened porch

11/5-11/11

25

3

17

5

screened porch

11/12-11/18

20

1

14

2

screened porch

11/19-11/25

20

1

17

4

screened porch

11/26-12/2

24

2

19

6

screened porch

12/3-12/9

23

3

20

7

screened porch

12/10-12/16

25

-2

19

1

greenhse. 12/11-13

12/17-12/23

23

0

18

6

greenhse. 12/21-30

12/24-12/30

22

-3

18

-2

greenhse. 12/21-30

1/1-1/6

23

-2

17

8

screened porch

1/7-1/13

16

-4

11

-2

greenhse. 1/6-1/13

1/14-1/20

24

1

18

5

screened porch
1/14-17, greenhse.
1/18

1996

59

60
1/21-1/27

20

-3

14

-1

porch 1/22-2/1

1/28-1/31

20

-2

17

5

screened porch

2/1-2/3

26

8

21

9

thermometer
moved to
greenhse.2

2/4-2/10

30

2

25

5

greenhouse

2/11-2/17

35

3

28

5

greenhouse

2/18-2/24

22

0

2/25-3/2

35

8

26

9

greenhouse

3/3-3/9

34

0

26

8

greenhouse

3/10-3/16

32

6

26

8

greenhouse

3/17-3/23

26

5

24

9

greenhouse

greenhouse

3/24-3/30

3

8

porch, no max. rec.

3/31-4/6

4

7

screened porch

4/7-4/13

2

5

screened porch

4/14-4/20

28

7

25

10

screened porch

4/21-4/27

33

9

30

9

screened porch

4/28-5/4

31

8

27

11

screened porch

5/5-5/11

34

18

33

18

screened porch

5/12-5/18

31

11

27

14

screened porch

5/19-5/25

35

20

35

21

screened porch

5/26-6/1

34

15

30

18

screened porch

6/2-6/8

33

16

31

18

screened porch

6/9-6/15

34

20

33

20

screened porch

6/16-6/22

35

20

33

22

screened porch

6/23-6/29

36

18

34

22

screened porch

6/30-7/6

38

18

screened porch

7/7-7/13

37

22

33

23

screened porch

7/14-7/20

36

20

33

23

screened porch

7/21-7/27

36

22

33

23

screened porch

7/28-8/3

35

21

32

22

screened porch

8/4-8/10

33

21

31

22

screened porch

8/11-8/17

32

19

30

21

screened porch

8/18-8/24

33

19

32

20

screened porch

8/25-8/31

33

20

31

21

screened porch

9/1-9/7

31

20

28

21

screened porch

9/8-9/14

33

13

31

20

screened porch

9/15-9/21

32

12

30

17

screened porch

9/22-9/28

32

13

30

17

screened porch

9/29-10/5

32

11

25

18

screened porch

10/6-10/12

25

11

22

14

screened porch

10/13-10/19

27

6

26

11

screened porch

10/20-10/26

27

5

25

7

screened porch

10/27-11/2

29

13

27

16

screened porch

11/3-11/9

26

2

25

11

screened porch

11/10-11/16

22

1

20

2

greenhouse

11/17-11/23

28

2

25

8

greenhouse

11/24-11/30

30

0

24

7

greenhouse

12/1-12/7

26

2

24

7

greenhouse

12/8-12/14

29

0

25

4

greenhouse

12/15-12/21

26

-2

19

2

greenhouse

12/22-12/28

30

0

24

5

greenhouse

12/29-1/4

31

12

27

13

greenhouse

1/5-1/11

26

0

17

6

greenhouse

1/12-1/18

21

-1

19

1

greenhouse

1/19-1/25

29

2

26

8

greenhouse

1/26-2/1

29

1

20

5

greenhouse

2/2-2/8

32

4

26

8

greenhouse

2/9-2/15

23

-2

17

3

greenhouse

2/16-2/22

33

1

27

6

greenhouse

2/23-3/1

33

5

24

11

greenhouse

3/2-3/8

36

5

33

13

greenhouse

3/9-3/15

33

10

30

10

greenhouse

3/16-3/22

32

5

28

9

moved to porch

3/30-4/5

31

7

29

8

screened porch

4/6-4/12

28

8

26

11

screened porch

4/13-4/19

29

5

25

7

screened porch

4/20-4/26

29

13

26

14

screened porch

4/27-5/3

29

8

26

13

screened porch

5/4-5/10

30

8

28

12

screened porch

5/11-5/17

31

10

26

12

screened porch

5/18-5/24

33

12

30

17

screened porch

5/25-5/31

32

13

25

17

screened porch

6/1-6/7

30

14

26

16

screened porch

6/8-6/14

34

14

27

17

screened porch

6/15-6/21

32

19

6/22-6/28

35

19

6/29-7/5

34

21

7/6-7/12

39

21

screened porch
34

21

screened porch
screened porch

33

22

screened porch

63

7/13-7/19

35

20

34

21

screened porch

7/20-7/26

35

22

35

23

screened porch

7/27-8/2

36

17

32

21

screened porch

8/3-8/9

34

19

33

21

screened porch

8/10-8/16

36

19

35

22

screened porch

8/17-8/23

31

22

8/24-8/30

34

16

screened porch
32

18

screened porch

"Prior readings were all made on porch although plant material was moved to greenhouse
as indicated in table whenever freezing temperatures were predicted. At this time (2/3/96)
all material and the thermometer were moved to greenhouse. From 2/3/96-2/5/96, plant
material was moved into house or garage because very low temperatures were predicted
and ability of space heater to maintain temperatures above freezing under these conditions
had not been tested. Actual minimum temperature for 2/4/96 was (-5)0C with snow and
for 2/5/96 the minimum temperature was (-10)oC.

